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(54) SCANNING OPTICAL DEVICE AND MULTIBEAM 
SCANNING OPTICAL DEVICE 

(57) Abstract: 

PURPOSE: To suppress the change in an F-number by 
the image height of the incident luminous flux on a plane 
to be scanned by constituting both lens faces of the 
single lens of a third optical element of toric faces of an 
aspherical shape and continuously changing the 
curvature within a sub-scanning plane from on-axis to 
off-axis. 

CONSTITUTION: This scanning optical device has an 
fθ lens consisting of one piece of lens having an 
fθ characteristic as the third optical element. This 
lens is arranged nearer the optical deflector 5 side than 
the middle between the optical deflector 5 and a 
photosensitive drum surface 8 as the plane to be 
scanned. Both lens faces of the fθ lens 6 consist of 
the toric faces of the aspherical shape within the main 
scanning plane and the curvature in the sub-scanning 
plane is continuously changed from the on-axis to 
off-axis within the effect part of the lens. As a result, the 
change in the F-number (FNo) in the sub-scanning 
direction by the image height of the incident luminous 
flux on the plane 8 to be scanned, i.e., the change in a 
spot diameter, is suppressed to a small amt. The fθ 
lens 6 images the luminous flux based on the image 
information deflected and reflected by an optical polarizer 
5 onto the photosensitive drum 8 surface and corrects 
the wobbling of the surface on the deflection plane of the 
optical deflector 5. 
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[0052] 3^^|y^flg^cl3v^'r^li]lf^cJ;SI!f^E^I^ 

tt 30 

Ipri=4 8. 7 3 Epri=10 8. 7 7 

9 par =44. 4° 9 img =29. 10° 
*»J 

d x= 6. 50 

fcfc*. X£ e l/>X60>I!i^:£frcDf(iW£¥®Oifo 

xm= 3. 24 xu = 7. 4 8 

fcfcy, ift&jaaffllltt.J^fflafeft* (l) (xmg 

dxSxu) fcDMiSl*TV\*. 

[0 0 5 3] £4xC*y**te#KCfcV*Ttt3Htttt» 40 



5 8 fStCfel-tSIO^&^O^I^^IlfLhi: 

y h«0>SEffcfe'JvS r £*ifC J: »J 

So 

[0054] 02 (a) , (b) i*&**m}<nmm& 

LTV**. 

[0 0 5 5] ^ttt3^(c£v^t(6£<^»B^Bl i:M 

&n ij * -# - i/>xtc j; y Jtotew-cttfc < wye* 
&^ffitttti&<a£»J& i fcfcWHre* y , ztuz£ y 

B«fcSW&»TV**. 

[0 0 5 6] &2fC3f4He^££ttS3fe¥ffiK£ f e 
[0057] 
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WtirzwR 1 






no 




HE 1 Si 






n 


1.519 


R 


2.2000E+O2 


-1.1768E+02 






-60 


K 


0.0000E4O0 


&.M66S+0O 






42 


B4 


•1.1699E-06 


•5.2353E-07 






40 


B6 




it 1/>t!4hU9. 


d 


15 


B8 


-2.9372E-1 4| 1 .8432E-1 4| 






146.45 


B10 


3.2427E-19 






van* 


43 


r 


-1.1312E+02 


-1.7832E+01 


f*U>**j&K*l 1 ft | 150 


d2S 


-4.8301 E-04 


4.&6&-05 




"342" 


1.8*1 *E-07 


.7.121 oE-oa 


d6S 


-1J3230E-10 


1.7390E-11 


d6S 


7.2371 E-1 4 


-4.3029E-15 


d10S 


-2.1962E-17 


-1.4545E-19 


d2E 


-7.0160E-O4 


1.1994E-05 


d4E 


3.641 1E-07 


-5.9970E-08 


dBE 


-1. 0351 E-1 1 


-1.7699E-12 


dSE 


-7.6585E-14 


2.1846E-14 


"arse 


2.0350E-17 


-9.2552 E-1 8 



6©#|g$®^&^«?!iaT*&y, *vn^«^^e 

to 0 5 8] sfc^S^flgtc v N-Cife^tc «fc SBO^E^r^ 

Ipri =5 3. 94 Epri=147. 51 

6por =4 2. 0° 9img =2 4. 5 7° 

dx = 7. 60 

Xf 6 1/>X2 6<Digj£a£#ft©ffrW£¥E© 

#is9*z>?«ftfix m£m&&mv>mf<z>mmmx u » 

xm=7. 34 x u = 1 2. 3 1 

t&V. ZH±±m<DMim&<Dg&r£. (1) (xm^ 
dx^xu) &$SJ£$-&-C^-5. 
[0 0 5 9] ztazk >)*3$&&mz&^T\Z$ftT&am 

mm 1 1 mmzytmtm 5 twmm 8 raics wski 
[0 0 6 0] 4g«e^T?»«iB*«)*i< i P»»^--9 r i 



20 ^e»HWbfe«i9Wft3U>i-*-l/>X2CJ:UJp 

*iaw>iiwsa«fiaw* < T**ftp*fcai*.6 fctfi* 

[0 0 6 1] 03 (A) , (B) ii&**mi<Dmffi 
30 Hfcfev^TH l KjRbJfeJBRi: W— iyRCttHI8*S:f5f 
[0 0 6 2] ^ttseMUc^TMBficDM^Kl 2:A 

3tl^-Afelfc6aEii±K:fcv\T-jS©IHIHIi:«!*J:^RI 

[0 0 6 3] 313 (c4M3^£&tt*3fe3S!IK£ f e 

[00 64] 
»3] 
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780 




m 1 h 


m 2n 




1.519 


R 


6.7814E+01 


1.6154E402 




-90 


K 


-1.6787E+01 


-1.0814E+O2 






45 


B4 


•9.8604E-07 


•2.2909E-06 






36 


B6 


1J5479E-11 


7.t426E-10 






11 


B8 


8.7055E-14 


-3.2030E-13 




' 6k 


110.5 


B10 


-4.7942E-18 


7.9836E-17 


<4 U 


Ymax 


42 


r 


-2.8363E+Q1 


-1.1966E+01 




ft 


213.7 


62S 


6.4992E-05 


4.4462E-05 




te 


317.3 


- d45 


-e2581E-08 


-2.7866E-08 


d6S 


9.5892E-12 


2.5295E-11 




d8S 


-1.9848E-15 


-1.0163E-14 


<310S 


2.7992E-19 


1.9816^-16 


d2E 


4.3102E-05 


3.9194E-05 


d4E 


1.7579E-08 


-1.2704E-08 


d6E 


-3.641 9E- 11 


1.16Q5E-11 


d8E 


2.1285E-14 


-3.3827E-15 


d10E 


-4.6427E-18 


8.2100E-20 



t^l^<DUyXm<D^m^(D\yyXjmi<f:&^<Dn [0 0 6 5] 

5. ioa&f 9 1/>X3 ecDHfetj^fa^ffrt*^* 



s = 



Z z /r 



1+ (1- (Z/r ') * ) 



(e) 



Z.Z.XT ' =r + d2 Y2 +d4 Y4 + d6 Y6 + ds 

y8 +di 0 Yio^s^;T*^o$*is. x&m%fattt 

mtzm&$faim&(Dmti&&mi tm&a (c) 

[0 0 6 6] 06li*|gi^flHCfeWSf e U>X3 6 

■ntt^iaT** raiatc^-r j: e» tc uyxmR i t«$is 

[0 0 6 7] *^S(^fig{CfeV^-C®]Si^C«fc51l^iE*IBf 

<z>^^s^^b%w^sas<z)i¥®©fiiirai«tta:d x 

Ppri=4 8. 7 3 Epri = 1 0 8. 7 7 

0 por =44. 4° 9img=29. 10" 

«fc»J 

dx=6. 50 

Xf 8 U^X3 6<£I5^JD^ft©ttrfR!l±¥®0> 

xm=4. 93 x u = 9. 10 

Zft^±%Z<Dmimi&<D3k( l tt (1) (xm£ 



[0 0 6 8] Z.*UC<fc U;*^^f&{Cfc^T«3fcz&<D^ 

mm i, 2t ^(c^rejn 5 hw^m 8 Hies w 

[0 0 6 9] X, 2(£|y|^fl|l?tiMSC<D3t^-A?:ffiV> 

fgLLT* l^y ^ A 7 h S 0>T? & < V \, 
[0 0 7 0] -^3T**|y^J||T*l*ai^^I«J©ffi^ 

$-B:5z:.i:tc«fcoT0i 2 (CarTi e> {cSb£SE_hfc;J3 

[0071] 013 (A) , (B) \S&«1&mv>$&& 

RIElcj3vvcE3 {c^tfel^i:^— !Sglc«:flfaF#£ 

[0 0 7 2] W®tCfeV>T4 6li^3<D3t^^i:LT 
50 <Di 0 51#0)U>Xfcyj&5f 0 U>X 
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mt kva® 8 Harp®*. >m*Mtfm5MizmMiLx 

[0 0 7 3] #mtl8&MlZl3tt?> f 0 1/yXA 6<Dffll/ 

1 otf) (M 1 ®) R 1 ®I!l^t^l6J©»^ 10 

b>X4 6©M^>X®©I9^ic*lRl©tt^$:$fil±7!> 1 'e> 

f 9 U>X4 6li^[5SI5lC<J:oTig^lS*f 
$tifcli^ffi^lC^<^S8[0^ : S:^6 A 8®± 

[0 0 7 4] ft. *£M9gflllC£vtTttf 6 U>X4 6 
&^x^y*^lc«fcy83f£UT : fej&<, fcSVMfctf 
5^fi8S W^X^-;i/K) CJ:y§SJf^LTtiAv>. 20 

[o o 7 53 xms&mizjs^xim&is-?- 1 1 «fc 
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'-I/>X2C*yj&0teWKSHfcS*U HraRUSlCJ: 
oTtlBfc* Gtfi) ft«HLTS/'J>Ky*-n/ 1/^X4 

J&tf)^ t>£j£S®T®lC *VxTtt*©* *©#3&T'£*ffi-f 

&UT^S„ -£OT}fc{g|6J#S5£Kgrfil®5 aTflSflKfit 

f e U>X4 6fe^bT««K5- 
A 8 ®±fC 2 oGOXtfy h U ftftilSfflffi 5 
PPA^^CHrtg$-&5Z.i:tCJ:oT. 8KHfcfcK9A8IB 

[0 0 7 6] #|£J&£figT*tef 0 UyX4 6©U>^ 

tt£±iSt£[fiJtei o**T®BBBre»b«*IWii0^ 
J:y*j»LTVv&. *<Z)t/;/X7£ift*, 3Ejg&%fa£M 

ffrt€>&*§wisi#, swa (c) afC33%a*i**©i?» 

[0 0 7 7] 
GK7] 



1+ (1- (Z/r*) 2 ) 1/z 



(f) 



Ci-Cl/r ' = l/r + D 2 Y 2 +D 4 Y 4 +D fl Y 8 +Dg Y 8 
+ D 10 Y 10 ) 



[0 0 7 8] H3&lCV;i/^-Aj£Scft^glCfc^T 30 

iftjVyK:J:a^v^A9«:HSK*fta>^-Atry^'0 
1/1 0J^-RC-fSZ.h*<M*Lv\ o ftf*.l2Bti££#ffl 
®ftftl&9< 6 0 0dpi ©TaBfc^gtf)^, 
^ffiHCfcttS^-Atfy^fcU 2^tmt«:5feft, Aft 

[0 0 7 9] ^ClT'*^S^®T-li^2E®tCAIttS 

/JviSFmintlfcta, 

Fmin/Fmax^O. 9 (2) 40 



^*v\ awHTa:/;** h tf- A^c3t^s 

[0 0 8 0] ±IB<0^fr^: (2) &Wl«£j@£|ilffitf 
yt*oTlfy^i»!?« t IBJBWCBli^*ffl±IIBHfca! 

[008 1] ^4 izmti8&ffi4 Jca3l**3fe*iBB4: f 0 
U>X4 6©#^®^K?:^-r. 
[0082] 
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f $ 1>>XM& 












«2I 




A (am) 


780 


R 


6.7B14E+0I 


1.6154E+02 




n 


l.o iy 




•1.6787E+01 


•1.0814B+02 




8 1 


•90 


B4 


-9.8604E-07 


-2.2909E06 




0 max 


45 


B6 


1.5479E-11 


7.1426E10 


aj^Vzf^— f $ u>x 


e 


36 


B8 


8.7055E-14 


•3.2030E-13 


t e \/z/xq*<*m 


d 


U 


BIO 


-4.7942E-18 


7.983 6 E- 17 


f a \j v —Mt'fc&'ffii 


Sk 


110.5 


j* 


-2.8363E+01 


-1.1966E+01 




Ymax 


42 


D2S 


5.4992E05 


4.4462E-05 




ft 


213.7 


D4S 


-2.253 1E-08 


-2/7866E-08 


a 'J > - 9 — IXJfcflC 






D6S 


9.5892E12 


2.5295E11 




fc 


317.3 


D6S 


-1.9648E-15 


■L0163E-14 






420 41 


D10S 


2.7992E-19 


1.9816E-18 








D2E 


4.3102E-05 


3.9194E-05 








D4E 


1.7579E-08 


-1.2704E-08 








D6E 


-3.6419E11 


1.1605E-11 








D8E 


2.1285E-14 


-3.3827E-L5 








D10E 


-4.6427E-18 


8.2100E-20 



Fmi n/Fmax = 64. 

[0 0 8 3] 02 2 \t^m&m.<D^)\^-^-h,^% 

^SS:«¥§SS600dp i Gfea6M5g4 2. 3 n 
m) X'm9Lt-£%<D7£^&tfVZB-fWffl®T'2b 

[0084] Z\(D&*> \Z*mi&&MT-\*±&<D4Q < 
& (2) £^J£$-t£oof 0 1/>X4 6 0>HIj£SE£tBl 

se^i^f-*-^-©^;, gpt>x^y huo^t&m 

Scft^etcfc v ^JSt fcSj^lS&Sffitf y <fc s fcf y 
(f 9 l/Z/X) 4 6&mi>'>X-C'1ij£l/TV^&, 



&, 

5 2/6 6. 3 1 = 0. 9 7 3 

[o o 8 5] 01 4 (a) , (b) \t&«*ftm<Dmm 

mm 5 ©±^E*lRli:I!biaE^I^I(7)^g|5»f®ElT*$>S„ 

[0 0 8 6] #|l8^®K:^Tt&&<Z)Sg®$?&4 £J| 
#fr©«Mj§!ffi < "fS^, f 6l/>X5 6©Ml/ 

<©fil^a.U f ) l 6^6WfflliltfizEoll8^fl§4 tBg^T-fe 

[0 0 8 7] ^5{C^S^®5{C^-tS^ISSt f e 

[0 0 8 8] 
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f 6 U>XJ&& 










»\m 






A(nm) 


780 


R 


7.6014E+01 


1.8577E+02 




Q 


1.524 


K 


-1.4188E+01 


•9.3624E+01 




0 i 


-60 


B4S 


•8.8268E-07 


•1.6683E-06 




9 max 


41.0 


B6S 


8.8566E-11 


3.5647E-10 


atf >; =f > - f $ P >X 


c 


41.1 


B8S 


4.0586E-14 


•1.2120E-I3 




d 


10.4 


BIOS 


-5.2861E-19 


3.5062E17 


f 0 l/S'X-ttKSiff 


Sk 


122.5 


B4E 


8.8268E07 


•1.6683E06 




Ymax 


42 


B6E 


5.2038E-11 


3.5647E-10 




ft 


237.7 


B8E 


6.4399E-14 


•1.2120E-13 








BlOE 


-5.1518E-18 


3.5062E-17 




fc 


339.69 


r 


•3.0459E+01 


-1.3017E+01 






D2S 


•3.2380E05 


•1.4111E-06 








D4S 


7.6O80E-08 


1.0715E-09 








D6S 


-3.4870E-11 


1.7648E-11 








DBS 


5.0570E-15 


•8.2750E-15 








DIOS 


O.OOOOE+00 


1 .CO 8 2 El 8 








D2E 


•3.5200E-05 


•1.411 1E-06 








D4E 


8.0516E-08 


1.0715E-O9 








D6E 


-3.8015E-11 


1.7648E-11 








D8E 


6.0665E-15 


•8.2750E15 








DlOE 


•1.1908E19 


1.0082E-18 
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£ 5 



f 6 l/>X5 6<Z>irj^SE#ft<affi^&jgb>X®lCfc^* 

Fmi n/Fma x = 4 9. 
0. 9J£Lh{C^S«fce)ai^.TV>S. 

[0089] ®2 3 \,z&mti&&m<D-?)\rf- y^-u^mt 
<mmzim&G o o d P i (j&mrmi 2. 3* 30 

ziiitcfcoT, nsttimtfiviit.1. 2finmm 

[0090] ztD^^iz^mmrnz^x^tusi&cDm 
mmitmmz&itt (2) ttuss-eoof e uy 

X5 6OTS«^lfiI (^fcfrlfiJ) fflffi^&BUVXiBi: 
T, &mz&Z%m&f3fa<DFi-yA-<7mt. BPt.X 40 

[0091] 121 5 (A) , (B) it&**m}<Dmfo 
Hig{ci3v%T®3fCatLfcS^i:ra-^fcttll?9 : S& 50 



7 5/53. 0 8 = 0. 9 3 7 

[0 0 9 2] *|Q©^H§{Cfe^Tttfi2Ea)HS©^fig4 £J| 
f 6 1/>X msny&im?) 7 6 5:2ft© 

(D^gp^-rs^^U— !f 1 lfribOftJ&fcnD* 
-#-l/>X2T-BW?^{C^LT^£,&. 
3KUdT>^^-l 5©^Urf>^RS:4®^&6®i:L 

[0093] apt), mate £wt 7 wmzoymm* 

l/yXUVX^smi/yX (#^;U$ffil/>X) 7 6a 

Xt LT© I — U «y <3&tm797&v 9 I — 
Vvir\/Z/X) 7 6b^:©2«:(Dl/>X«}:^Jfi8;o•CV^ 
*. ^5^®U>X7 6 ali^f^l 5 t.mt 
A®8i;{D*ra«fc*;^^l^i 5MtciHS*u ±Jcf 

[0094] i&mmxVXmtt^TffitlWi}! 
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* [0 0 9 5] a6;c||fi^fl|6{c33^^iBSi:f 0 

$m\syX1 6 a&tf I — 'J'Vf 1/^X7 6 
b) 7 6ffl^iBM^t. 
[0 09 6] 
»6] 



m 6 











# 1 f 0 U>XJ&K 
















A (am) 


780 


R 


oo 


-1.2042E+02 


# i f u>xja$f* 


nl 


1.786 


r 


oo 


1.2042E+02 


#2 f l/>Xa*f* 


n2 


1.572 




»2 f 0 U>X&& 




0i 


65 




mi® 






0 max 


45 


R 


-8.7734E+02 


-34387E+02 


-<& If* V >X 


el 


25.28 


K 


O.OOOOE+00 


O.OOOOE+OO 


m i f e uvxw 


dl 


14.00 


B4 


•1.5203E-08 


6.2830E-08 




c2 


17.60 


B6 


-1.2062E-11 


■1.5527E-11 


fl5 2 f 0U>X+*tB 


d2 


5.10 


r 


-1.2218E+01 


-9.9688E+00 




Sk 


116.13 


D2S 


•4.2145E-07 


4.2877E-07 


f $ U^X**f«S 


Ymax 


50 


D4S 


1.3072E10 


•7.9350E-10 




ft 


136 


D6S 


6.7762E13 


7.0965E-13 




*U£H<M0 61 


D2E 


2.2156E07 


1.2975E07 








D4E 


1.2193E11 


2.2874E-10 








D6E 


4.9138E-13 


4.3863E13 



I — y v>J vyX7 6 b<JD!53^:£ft<offi^$:Ml'>XJ8 

Fmi n/Fma x= 7 2. 
0. 90i:lcfc.g>J:e>flJ;*.'CV>5. 
[0 0 9 7] 02 4 l£*^^J&©v;t/^fcf-Aj£Kft 
3*3£g£8?&g6 0 0dp i (j£Mtai5g4 2. 3m 30 

So iJE©££y&imc<fcSF^>A-©^b&m.S 
ZLfclCfcoT* j£S6i*(ft#yii0. 1 Mmgjg (try* 

[0 0 9 8] ZKD.fcdlC^ia^HBlCfeV^^lff^©!! 

mm* tmw,z.$k&£. (2) ssiaa-fto-o f e u> 

X 7 6 h - y y ? 7 6 b omft&fifo 

ttTjii^c^b£i*s:i£lc«fcoT, «fttcj:«lbt 40 

JSfcfc5j£Mfi#ytcJ;S^y^^&fc< LTV^ 
•5. 

[0099] t& m3oy&m$i&*mf&t$>2ft.v>\sy 



6 7/7 3. 7 5 = 0. 9 8 5 
<, X2ft<m/yX(D$*>'J>te<£.*)2-o<Dl>yXm<Z> 

[oioo] m&iz*mi<D£^?mw:£c>RM&>t=. 

tblZ. %<Dm2 6 (A) , (B) T*iFl,fcm&>i'>y 

fci:^©^?icov^3i^-r-2)o 
[0 10 1] 02 8 (A), (B) te#*|22 6 
(A) , (B) X^kLtz.mk0iyyV)V^-^<D^m 

it#ft£ll»£ft<^IWTfi^T*&y, ^{c«k5I!f 

jtfyhM (F^>/1-) 0^b£^l/T^£. ^7&0 
2 8 (A) , (B) KjRbfc3fe9»»4: f 6 U>X8 6 

[0 10 2] 
t»7] 
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f e u>X&Vt 










£ i m 


65 2 05 




A (nm| 


Soli 


n 
n 


6/7814E+01 


1.6154E+02 


r Jt « . , ffff ■4(g£ JfK 


n 


1319 




1.6787E+G1 


•1.0814E+O2 




0i 


•90 


n a 
B4 


-9.8604 E-07 


2.2909E-06 




0 max 


45 


B6 


1.5479E-11 


7.1426E-10 




c 


36 


B8 


8.7055E-H 


3.2030E-13 


f a \sZs 


d 


11 


BIO 


4. 134£t 10 


/ ,?oJDl> 1 / 


f x — ffcj&ftlli 


Sk 


110.5 


r 


-2.8531E+01 


•1.1991E+01 


f ^ u>x«^«ie 


Ymax 


42 


D2S 


O.OOOOE+OO 


2.1635E-05 


f * UVXMES 


ft 


213.7 


D4S 


O.OOOOE+OO 


-3.6548E-08 


=r <J > — * — iRStJK 






D6S 


O.OOOOE+00 


2.7926E-11 




fc 


317.3 


DSS 


O.OOOOE+00 


-1.U84E-14 






DIOS 


O.OOOOE+00 


1.7618E18 








D2E 


O.OOOOE+00 


2.2817E-05 








D4E 


O.OOOOE+OO 


-3.8012E-08 








D6E 


O.OOOOE+00 


2.9368E-11 








D8E 


O.OOOOE+00 


-1.2060E-14 








DlOE 


O.OOOOE+OO 


1.9700E-18 



fttz 2 ifcOf&ftotefc&n U ;* - 9 - UyX 8 2 tC J: »J JR 
JtetotEMfeU, *Si»J8 3lcj:oTgtf6Jfc Otfi) «B» 

*;i/U>X8 4 lCAltbTV^= fU > KU */UU>X 
8 4 lCA*fbfe^cDe)t)±^E®^Cte^Ttt-€-©* 

tf^rS]® CRM®) K««llttfcLT|gf*l/0**. -e 
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